suMMARY Thirty three patients with hypertrophic cardiomyopathy were studied to determine whether the presence of an intraventricular pressure gradient impaired left ventricular emptying. Patients with resting gradients had a higher mean left ventricular ejection fraction (92 (6.4)%) than patients without a resting or inducible pressure gradient (75.5 (9)%). The rate and degree of emptying increased when gradients >85 mm Hg were induced in two patients with insignificant mitral regurgitation.
If the induced gradients had been the result of obstruction a decrease in the rate or degree of ventricular emptying would be expected. Higher ejection fractions in patients with intracavitary pressure gradients as well as enhanced rate and degree of left ventricular emptying with induced gradients are inconsistent with outflow obstruction. These findings support the concept that cavity obliteration is responsible for the pressure gradient in these patients with hypertrophic cardiomyopathy.
There is a controversy about the importance of intraventricular pressure gradients in patients with hypertrophic cardiomyopathy. The (Tables 1 and 2 ). Figure 1 shows the resting left ventricular ejection fractions for the three groups. Group 3 had a significantly higher mean ejection fraction (92 (6.4)%) than group 1 (75.5 (9)%, p<0OOl). Similarly, group 2 had a higher ejection fraction (85 (9)%) than group 1 (p<0.O5). Thus the group with the highest mean ejection fraction had resting pressure gradients, the group in whom gradients could be induced had an intermediate mean value, and those with no gradient had the lowest mean value. Five group 2 patients had ejection fractions calculated during control and induction of a pressure gradient, and each had an increase during the gradient from 2%o to 9%. All three groups had significantly higher ejection fractions than the normal range (60 (8)%) for our laboratory (p<005). (0) (Fig. 2b) (Fig. 2a) . The ventricle continued (control) and 4 ml (nitroprusside), reflecting an excesto empty rapidly to a small volume in the presence of a sive degree of emptying under both conditions. pressure gradient and systolic anterior motion-septal Insignificant (<1+) mitral regurgitation was seen durcontact.
ing motion picture projection. Although the left ventricular emptying time (aortic Figures 4 and 5 show the data from the study of the valve opening to aortic valve closure) is prolonged in patient in case 2 (group 2). A postectopic beat and the the presence of the pressure gradient, the left ventri-following normal sinus beat were analysed. Before the cle achieves a miniscule end systolic volume in half of left ventriculogram, premature ventricular contracthe time available and maintains an isometric contrac-tions were induced by catheter manipulation, and the tion for the last half of systole. The delay in aortic gradient between the left ventricle and femoral artery valve closure and mitral valve opening reflects a more exceeded 110 mg Hg in the postectopic beat and the prolonged state of contraction or a reduced rate of arterial pulse pressure decreased (Fig. 4b) . Superimrelaxation or both. position of the frame by frame plots of left ventricular Figure 3 shows the end diastolic and end systolic emptying shows that there was more rapid and comframes from right anterior oblique ventriculograms. plete emptying during the postectopic beat in which The end systolic volumes were calculated t6 be 10mil -the gradient was present (Fig. 4a) . Trivial mitral reg- urgitation was seen on analysis of the motion picture but is not evident in the still frames (Fig. 5) . As in the previous case, aortic valve closure and the onset of ventricular filling were delayed in the gradient beat despite the fact that the ventricle achieved a greater degree of emptying earlier in systole.
Discussion
When there is an impediment to left ventricular outflow, as in valvar aortic stenosis, there is a transvalvar pressure gradient, a reduced rate of rise of the aortic systolic pressure, a prolonged ejection time, and a slow rate of ventricular emptying. 19 Despite the hindrance to outflow, the hypertrophied left ventricle in aortic stenosis may maintain a normal or increased ejection fraction, but when the obstruction is surgically relieved there is often an increase in the ejection fraction."
The presence of a left ventricular outflow tract gradient and a prolonged ejection time in hypertrophic cardiomyopathy have been used as evidence of obstruction.28 29 An explanation of the brisk aortic pulse contour characteristic of hypertrophic cardiomyopathy has been that the ventricular outflow tract is initially widely patent and becomes progressively obstructed during systole.8 The rapid and complete emptying has been attributed to hyperfunction of the hypertrophied muscle and late systolic mitral regurgitation. 30 It is acknowledged that the presumed obstruction in hypertrophic cardiomyopathy is not comparable to valvar aortic stenosis in that proponents of obstruction in hypertrophic cardiomyopathy have suggested that the early systolic rapid outflow followed by the absence of late systolic outflow is evidence of a "dynamic obstruction." Calculations of the effective orifice size using hydrodynamic formulas have indicated that the outflow orifice is widely patent early in systole when there is high flow and a small gradient and then progressively narrows throughout systole. Pierce and Morrow stated "in those instances where flow ceased and a pressure gradient persisted, one can only conclude that the subvalvular orifice closed completely prior to closure of the aortic valve."28 If such an obstruction were imposed in midsystole, there would probably be an abrupt change in the rate of left ventricular emptying, but the emptying curves in the present study were not slowed when the gradient was present nor was there a significant increase in the degree of mitral regurgitation to explain the rapid and complete emptying in these cases. A non-obstructive explanation of these unique haemodynamic features of hypertrophic cardiomyopathy has been that the ventricle ejects blood rapidly and obliterates the cavity.'8 19 The data from our patients are consistent with the Gauer phenomenon, in which the pressure gradient results from the progressive separation of the body and outflow tract of the left ventricle. These two regions are not separated by an obstruction but by the opposing walls of the essentially empty body of the ventricle, which contract isometrically once the intracavitary contents have been ejected. ' echocardiograms"5 (Fig. 6) .
The increased ejection fractions in patients with hypertrophic cardiomyopathy and the trend toward higher values in hypertrophic cardiomyopathy patients with resting pressure gradients (Fig. 1) has been previously documented using radiographic and radionuclide left ventriculography3l36 and accords with the concept of an obliterated rather than an obstructed ventricle. When the ejection fraction was compared in the same patient with and without a gradient it did not fall when the gradient was induced as would be expected with the imposition of an obstruction but rose in all instances.
Two different mechanisms were used in altering the gradient in the patients who had comparisons of left ventricular emptying in the current study. It could be argued that the patient with a postextrasystolic pressure gradient (Figs. 4 and 5 ) was able to overcome the "obstruction" by increasing the left ventricular pressure through the Frank-Starling effect and the increased inotropic state. Nevertheless, the left ventricular pressure and heart rate remained constant when a gradient was induced by the infusion of sodium nitroprusside in another patient (Fig. 3) There are limitations to a contrast angiographic approach to the study of left ventricular emptying in the bizarre, heavily trabeculated ventricles characteristic of hypertrophic cardiomyopathy. Nevertheless, the high ejection fraction, small end systolic cavity size, and more rapid than normal rate of ejection have been repeatedly confirmed by other investigators using radionuclide angiography,3638 echocardiography, 35 and four different configurations of flow velocity probes: intraoperative cuff electromagnetic probes,28 dual lumen catheters,39 catheter mounted electromagnetic probes,21 and non-invasive Doppler devices. 40 Thus it is unlikely that the validity of the angiographic data can be discounted.
This study shows rapid complete and apparently unimpeded emptying of the left ventricle despite the presence of a pressure gradient and systolic anterior motion of the mitral valve and suggests an alternative interpretation of the close correlation between the two phenomenal2 which has conventionally been viewed as cause (systolic anterior motion) and effect (gradient). Rapid and complete emptying can apparently be the cause of systolic anterior motion and the gradient, and earlier systolic anterior motion-septal apposition could merely reflect earlier obliteration of the cavity and therefore more time for contractile energy to be expended on isometric contraction (Fig.  6 ). Systolic anterior motion4l as well as nonobstructive pressure gradients '6 17 have been found in patients without hypertrophic cardiomyopathy who have hypovolaemic hypercontractile ventricles. We therefore suggest that evidence of hindrance to emptying should be the criterion for the presence of obstruction and not the presence of a pressure gradient or systolic anterior motion in patients with hypertrophic cardiomyopathy.
